Apoptosis plays a prominent role during ovarian development by eliminating large numbers of germ cells from the female germ line. However, the precise mechanisms and regulatory proteins involved in germ cell death are yet to be determined. In this study, we characterised the role of the pro-apoptotic BH3-only protein, BCL2-modifying factor (BMF), in germ cell apoptosis in embryonic and neonatal mouse ovaries. BMF protein was immunohistochemically localised to germ cells at embryonic days 15.5 (E15.5) and E17.5 and postnatal day 1 (PN1), coincident with entry into the meiotic prophase, but was undetectable at E13.5, and only present at low levels at PN3 and PN5. Consistent with this expression pattern, loss of BMF in female mice was associated with a decrease in apoptosis at E15.5 and E17.5. Furthermore, increased numbers of germ cells were found in ovaries from Bmf −/− mice compared with WT animals at E15.5 and PN1. However, germ cell numbers were comparable between Bmf −/− and WT ovaries at PN3, PN5 and PN10. Collectively, these data indicate that BMF mediates foetal oocyte loss and its action limits the maximal number of germ cells attained in the developing ovary, but does not influence the number of primordial follicles initially established in ovarian reserve.
Introduction
Gamete formation begins early in embryonic development (~E7.5) in mice with the specification of a small number of primordial germ cells in the proximal epiblast (Ginsburg et al. 1990 , Lawson & Hage 1994 , Saitou et al. 2002 , Hayashi et al. 2007 . Once specified, these cells begin to proliferate and migrate into the gonad, where they lose mobility (Richardson & Lehmann 2010) . Within the developing embryonic ovary, primordial germ cells become oogonia and continue to proliferate, forming cysts or nest-like structures of interconnected germ cells (Mork et al. 2012 , Lei & Spradling 2013 . Eventually the oogonia transition from mitosis to meiosis (beginning between E13.5 and E15.5 in mice) and become primary oocytes (Miles et al. 2010) . Around the time of birth in mice, the nests begin to break down, and pre-granulosa cells surround individual diplotenearrested oocytes, forming the initial pool of primordial follicles (Lei & Spradling 2013) . A striking characteristic of normal ovarian development and establishment of the initial pool of primordial follicles, which constitute the ovarian reserve, leads to the death of large numbers of primordial germ cells, oogonia and oocytes (Baker 1963) . The reasons underlying the developmentally regulated death of germ cells during oogenesis and the specific mechanisms by which this occurs have not been fully characterised.
Several studies suggest that germ cell death is mediated by the intrinsic (also known as the 'mitochondrial', 'BCL2-regulated' or 'stress-induced') apoptosis pathway (Ratts et al. 1995 , Felici et al. 1999 , Rucker et al. 2000 , Greenfeld et al. 2007a , Ene et al. 2013 , Myers et al. 2014 . The intrinsic apoptosis pathway is regulated by the relative levels and activities of pro-and anti-apoptotic members of the BCL2 protein family (Youle & Strasser 2008 , Czabotar et al. 2014 . The BCL2 family can be subdivided into three groups: i) the anti-apoptotic members, including BCL2, BCL-xL (BCL2L1), MCL1, A1 (BFL1) and BCL-w (BCL2L2), which are required for cell survival; ii) the multi-BCL2 homology 3 (BH3) domain pro-apoptotic family members BAx, BAK and possibly also BOK, whose activation leads to mitochondrial outer membrane permeabilisation and consequent destruction of the cell and iii) the pro-apoptotic BH3-only proteins, including BIM (BCL2L11), PUMA (BBC3), BID, BAD, BCL2-modifying factor (BMF), BIK, HRK and NOxA (PMAIP1) (Happo et al. 2012 , Moldoveanu et al. 2014 . The BH3-only proteins initiate apoptosis by binding and neutralising pro-survival BCL2 family members (by stabilisation or degradation), which relieves the inhibition of BAx and BAK (Happo et al. 2012) . Certain BH3-only proteins, including BIM, PUMA and BMF, may also directly interact with and activate BAx/BAK. Activation of BAx/BAK leads to the release of cytochrome c and other apoptogenic factors from the mitochondria, following which the apoptosome is formed. The activation of caspase-9 and the effector caspases (e.g. caspase-3 and -7) causes cell demolition (Strasser et al. 2000) .
In mice, germ cell survival has been previously shown to require the anti-apoptotic protein BCL-xL between E12.5 and E15.5, and a reduction in its function results in decreased primordial follicle numbers in neonatal ovaries (Rucker et al. 2000) . Moreover, mice deficient in the anti-apoptotic protein BCL2 are born with reduced primordial follicle numbers (Ratts et al. 1995) , whereas overexpression of BCL2 promotes germ cell survival and increases the size of the primordial follicle pool in neonates (Flaws et al. 2001 , Flaws et al. 2006 . We have recently shown that PUMA mediates germ cell death in mice before E13.5 (during the migratory and/or proliferative phase) and loss of PUMA results in approximately two-fold increase in primordial follicle number at birth (Myers et al. 2014) . Additionally, there has been much attention focussed on the role of the pro-apoptotic protein BAx in germ cell death (Rucker et al. 2000 , Stallock et al. 2003 , Alton & Taketo 2007 , Greenfeld et al. 2007a ,b, Perez et al. 2007 , Ke et al. 2013 . Even though many of these studies have produced conflicting results regarding the requirement for BAx in the elimination of germ cells during different stages of ovarian development, there is consensus within the field that BAx is an important regulator of female germ cell death.
BMF, similar to PUMA, is a pro-apoptotic BH3-only protein that binds pro-survival proteins BCL2, BCL-xL and BCL-W to initiate apoptosis (Thomadaki & Scorilas 2006) . BMF can be activated by u.v. radiation, glucocorticoids, tyrosine kinase inhibitors and HDAC inhibitors (Happo et al. 2012) , and studies on granulocytes suggest that BMF may be a critical initiator of apoptosis following cytokine withdrawal (Villunger et al. 2003) . In the testes, BMF may be important for mediating the death of germ cells when they lose Sertoli cell attachment and may thus act as a quality control mechanism (O'Donnell et al. 1996) . It is proposed that separation of germ cells from the Sertoli cells activates JNK1, which leads to the phosphorylation of BMF and its relocation from the sub-acrosomal space to the cytoplasm of round spermatids, thereby triggering their apoptosis (Stratton et al. 1973 , O'Donnell et al. 1996 , Show et al. 2004 , Show et al. 2008 . We have previously shown that BMF plays an important role in primordial follicle loss in mice between the ages of postnatal day (PN20) and PN100 and that adult mice deficient in BMF (Bmf −/− ) contain approximately two times the number of primordial follicles as WT mice and therefore have prolonged fertility . However, the role of BMF in regulating germ cell death during oogenesis has not been examined before. In this study, we utilised gene-targeted mice to investigate the role of BMF in mediating germ cell death during ovarian development.
Materials and methods

Mice
WT and Bmf
−/− mice on a C57BL/6 background (Labi et al. 2008) were housed in a temperature-controlled pathogenfree facility, with a 12 h light:12 h darkness cycle, and with free access to mouse chow and water. Mice for breeding were between the ages of 7 weeks and 6 months. To collect embryos, timed matings were set up and the morning of a vaginal plug was designated as E0.5. All experiments with animals were approved by the Animal Ethics Committee at Monash University (MMCB/2013/07) and carried out in accordance with the Australian Code of Practice for the Care and Use of Animals for Scientific Purposes. One ovary from each mouse was fixed for stereological examination, whereas the contralateral ovary was fixed for immunofluorescence, immunohistochemistry and TUNEL analyses.
Stereological examination
Ovaries from WT and Bmf −/− mice were harvested at E13.5, E15.5, E17.5, PN1, PN3, PN5 and PN10 (n = 3-7/genotype per age) and fixed in Bouin's solution. Fixed tissues were processed into hydroxyethyl methacrylate resin (Technovit 7100; Kulzer & Co., Friedrichsdorf, Germany) , serially sectioned at 20 µm with a Leica RM2165 Microtome (Leica Microsystems Nussloch GmbH, Nussloch, Germany) and stained with periodic acid-Schiff and haematoxylin. Germ cells (including oocytes in follicles) were counted in every third section using the optical dissector/fractionator technique as described (Myers et al. 2004 , Kerr et al. 2006 . Germ cell counting was performed using a 100× oil immersion objective mounted on an Olympus Bx50 microscope with an Autoscan stage (Autoscan Systems Pty Ltd, Melbourne, VIC, Australia) controlled by CASTGRID Stereological Software (CAST 2002; Olympus) .
TUNEL analysis
Ovaries from WT and Bmf −/− mice were fixed in 4% paraformaldehyde or formalin, de-hydrated, embedded in paraffin, serially sectioned at 5 μm and mounted on superfrost glass slides. Apoptotic cells were detected using the ApopTag Peroxidase In Situ Apoptosis Detection Kit (Millipore) according to the manufacturer's instructions. Sections were counterstained with haematoxylin. To quantify apoptotic cell numbers, three to five sections per ovary (middle cross section, and one or two sections on either side with a minimum of 20 µm interval) from three to five animals per genotype were analysed. TUNELpositive cells (mean ± s.e.m.) were expressed per 10 4 μm 2 ovarian tissue area as described previously (Kerr et al. 2012 , Myers et al. 2014 ).
Immunofluorescence and immunohistochemical staining
Ovaries (n = 3-5 ovaries/genotype per age) were fixed in formalin or 4% paraformaldehyde, processed into paraffin and 5 μm sections were cut and mounted on slides. Following de-waxing and re-hydration, slides were microwaved for 10 min in 0.01 M sodium citrate buffer (pH 6) to unmask antigens. Endogenous peroxidases were inhibited by incubating slides for 30 min in 0.3% H 2 O 2 followed by 1 h with 10% normal goat serum to block non-specific binding of antibodies. Sections were then incubated with primary antibody to BMF (17A9, 1:200; ENZO Life Sciences, Farmingdale, NY, USA; Labi et al. 2008 ), which we have previously validated for use in immunohistochemistry , for 1 h at 37°C or overnight at 4°C, followed by biotinylated goat anti-rat IgG secondary antibody (1:400; Zymed, San Francisco, CA, USA) for 1 h at room temperature. Slides were incubated for further 30 min with the avidin-biotin peroxidase complex (Vector Laboratories, Burlingame, CA, USA) and peroxidase activity was visualised using 3,3'-diaminobenzidine as the substrate. Sections were counterstained with haematoxylin. For negative controls, staining was performed with IgG isotype-matched antibodies, or with the primary antibody omitted. Additionally, ovarian sections from Bmf −/− mice were used as negative control samples.
Immunofluorescent staining was performed using antibodies against DDx4 (MVH, 1:800; Abcam), H2AFx (γH2Ax, 1:500; Abcam), phosphohistone 3 (Ser28, PH3, 1:200; Upstate) and TAp63 (1:100, gift from Dr F McKeon (Suh et al. 2006) ). For negative controls, staining was performed with IgG isotypematched antibodies, or with the primary antibody omitted. Antigen retrieval and blocking were performed as described above. Sections were incubated with primary antibodies overnight at 4°C and secondary antibodies (Alexa488 or 568-conjugated goat antibodies to rabbit or mouse IgG, 1:400, Molecular Probes) for 1 h at room temperature. Sections were counterstained with TOPR03 (Molecular Probes) and slides were mounted with FluorSave (Millipore). Slides were analysed by fluorescent confocal microscopy using an Olympus Ix81 microscope.
To estimate the proportion of mitotic germ cells at E13.5, the number of germ cells positive for both PH3 (mitotic marker) and MVH (germ cell marker) was divided by the total number of MVH-positive germ cells in three to five sections per ovary, n = 3-5 animals/age per genotype. For this analysis, a middle cross section and at least one section on either side were used. The timing of meiotic progress (γH2Ax) and meiotic arrest (TAp63) were similarly analysed.
Statistical analyses
Statistical analyses were performed using GraphPad Prism 6 Software (GraphPad Software, Inc.). Data presented as means ± s.e.m. were analysed by t-test or ANOVA followed by Holm-Sidak's multiple comparison test when more than two groups were compared. Proportions of cells in a population were analysed using the two-sample t-test between precents method. Differences were considered statistically significant when P < 0.05.
Results
BMF is expressed by female germ cells during ovarian development
BMF protein expression was analysed by immunohistochemistry in ovaries from embryonic and early postnatal WT mice (Fig. 1A , B, C, D, E and F). BMF was not detected in ovarian tissue at E13.5 (Fig. 1A) . At E15.5, BMF protein expression was localised to the cytoplasm of many germ cells (~80% of germ cells had detectable levels of BMF; Fig. 1B ). Some somatic cells within the ovary at E15.5 also appeared to be stained for BMF. BMF was also detected in ~50% germ cells at E17.5 and PN1, but was only weakly expressed or absent from primordial follicles at PN3 or PN5 (Fig. 1C , D, E and F). No immunostaining was observed when ovarian tissue sections from Bmf −/− mice were used (Fig. 1G) , confirming the specificity of the antibody.
Loss of BMF is associated with decreased apoptosis within ovaries
Apoptosis was analysed in embryonic and early postnatal ovaries from WT and Bmf −/− mice using the TUNEL assay (Table 1 ). In ovaries from WT females, there was a significant increase in the numbers of TUNELpositive cells between E13.5 and E15.5. The numbers of TUNEL-positive cells fell between E15.5 and E17.5, and then again between E17.5 and PN1 (Table 1 ). Very few TUNEL-positive cells were present in ovaries from WT females at PN1, PN3 and PN5 and there was no difference observed between these ages (Table 1 ). In ovaries from Bmf −/− females, the numbers of TUNEL-positive cells did not change significantly with age, although there was a trend towards greater numbers of apoptotic cells at E15.5 and E17.5 compared with E13.5, PN1, PN3 and PN5 (Table 1) . When ovaries from WT and Bmf −/− mice of the same age were compared, significantly fewer TUNEL-positive cells were detected in ovaries from Bmf −/− mice at E15.5 and E17.5 (Table 1) . Although there also appeared to be decreased numbers of apoptotic cells at E13.5 in Bmf −/− ovaries compared with ovaries from WT mice, this difference was not statistically significant (Table 1 ). There were also no significant differences in the numbers of TUNEL-positive cells between ovaries from WT and Bmf −/− mice at PN1, PN3 and PN5 (Table 1) .
Loss of BMF results in increased germ cell number in embryonic and early postnatal ovaries
Germ cells (including oocytes in follicles) were counted in WT and Bmf −/− ovaries during embryonic and early postnatal development (Table 2 and Fig. 2 ). In ovaries from WT females, germ cell numbers increased between E13.5 and E15.5, were similar at E15.5 and E17.5 and then declined after this point (Table 2) . When ovaries from WT and Bmf −/− mice of the same age were compared, the number of germ cells per ovary was similar at E13.5 (Fig. 2) . Significantly increased numbers of germ cells were observed in ovaries from Bmf −/− compared with WT mice at E15.5, but then germ cell numbers in the Bmf −/− mice returned to WT levels at E17.5 (Fig. 2) . Increased numbers of germ cells were observed in ovaries from Bmf −/− mice when compared with WT mice at PN1. Although there was a trend towards increased germ cell numbers in ovaries from Bmf −/− compared with WT mice at PN3 and PN5, this difference was not significant (Fig. 2) . At PN10, which corresponds to the time when the initial pool of primordial follicles is fully established in the mouse ovary, the numbers of germ cells in ovaries from WT and Bmf −/− mice were similar (Fig. 2) .
The proportion of mitotic germ cells is similar in ovaries from WT and Bmf -/-mice
To explore the possibility that the increase in germ cell numbers observed at E15.5 in Bmf −/− mice might be due to increased proliferation, ovaries from E13.5 mice were co-stained with the mitotic marker PH3 and germ cell marker MVH and the proportions of proliferative germ −/− and WT ovaries at E13.5, a time of active germ cell proliferation (Fig. 3) . At E15.5, PH3-positive germ cells could no longer be detected in WT or Bmf −/− ovaries, indicating that proliferation had ceased and meiosis had begun (not shown).
Timing of the mitotic to meiotic transition is unchanged in ovaries from Bmf -/-mice
Expression of the meiotic prophase marker γH2Ax (first expressed at leptotene; Hunter et al. 2001 ) was used to monitor the timing of meiotic entry in ovaries from WT and Bmf −/− mice. γH2Ax staining was almost completely undetectable at E13.5, with only one to two γH2Ax-positive oocytes identified in all of the sections analysed (Fig. 4) . By E15.5, most oocytes were labelled with γH2Ax, with no differences observed between ovaries from WT and Bmf −/− mice (Fig. 4) . These observations suggest that meiotic entry, and thus cessation of mitosis, occur at a similar time in female germ cells in WT and Bmf −/− mice.
Entry into meiotic arrest is not affected by loss of BMF
TAp63, which is expressed by oocytes as they enter diplotene (Suh et al. 2006) , was used as a marker of meiotic arrest. TAp63 was not detected in ovaries from WT and Bmf −/− mice at E17.5 (Fig. 5) . At PN1, ~65% of oocytes in ovaries from WT and Bmf −/− mice expressed TAp63, consistent with similar rates of meiotic progression in WT and Bmf −/− ovaries (Fig. 5) . Nearly all Bmf −/− and WT oocytes expressed TAp63 at PN5 (Fig. 5) .
BMF is not required for nest breakdown or primordial follicle assembly
Apoptosis is proposed to play an essential role in the breakdown of germ cell nests into individual oocytes, which can then be assembled into primordial follicles (Pepling & Spradling 2001) . To determine whether BMF-mediated apoptosis is important for germ cell nest breakdown, 20 µM thick ovarian sections from PN1, PN3 and PN5 WT and Bmf −/− mice stained with periodic acid-Schiff and haematoxylin were analysed and nest breakdown and follicle assembly monitored ( Fig. 6A and B). Germ cell nests were easily observed in ovaries from WT and Bmf −/− mice at PN1 as clusters of oocytes (Fig. 6A) . No morphological differences in nest structure were observed between ovaries from WT and Bmf −/− at this time (Fig. 6) . Individual oocytes and primordial follicles were also observed at PN1 and there were no differences in the proportions of oocytes in nests vs follicles between ovaries from WT and Bmf −/− mice (10 and 18% of total germ cells were follicles in WT and Bmf −/− ovaries, respectively, P = 0.76). Nest breakdown was complete by PN5 in WT and Bmf −/− ovaries, as indicated by the formation of individual follicle-enclosed oocytes and the absence of clusters of naked oocytes (Fig. 6A, B and C) . These observations indicate that BMF is dispensable for nest breakdown as well as primordial follicle assembly.
Discussion
More than two-thirds of the germ cells generated during oogenesis are eliminated, probably through apoptosis, before and during the time of primordial follicle formation. Precise regulation of this process is essential for ensuring that sufficient numbers of healthy oocytes are retained in the ovary to support female fertility and reproductive health, whereas low quality or damaged oocytes are removed. Despite the significant impact of germ cell apoptosis within the developing ovary, the mechanisms that control germ cell loss have not been fully elucidated. In this study, we investigated the role of the pro-apoptotic BH3-only protein, BMF, in mediating germ cell death during ovarian development. We showed in mice that BMF is expressed in germ cells at E15.5, E17.5 and PN1 and that loss of BMF is associated with a reduction in apoptosis at E15.5 and E17.5 and an increase in germ cell numbers at E15.5 and PN1 compared with WT females. Importantly, loss of BMF resulted in a ~36% increase in the peak germ cell number in Bmf −/− females compared with WT females. This suggests that under normal circumstances, BMF plays a prominent role in limiting the maximal number of germ cells achieved by the female.
The data suggest that the increased number of germ cells present in ovaries from Bmf −/− mice at E15.5 is most likely due to reduced germ cell loss between E13.5 and E15.5, which is consistent with the BMF expression profile and reduced number of TUNEL-positive cells in ovaries from Bmf −/− mice. The increased number of germ cells observed in ovaries from Bmf −/− mice at E15.5 is unlikely to be attributed to increased proliferative activity or increased length of the proliferative period because our data show that a similar proportion of germ cells are proliferative at E13.5 and that proliferation had ceased and meiosis commenced at E15.5 in ovaries from both Bmf −/− and WT mice. The increased number of germ cells in Bmf −/− ovaries at PN1 appears to be the result of a delay in germ cell loss caused by the prevention of BMF-dependent apoptosis. In ovaries from WT mice, approximately one-third of germ cells were lost from the ovary between E17.5 and PN1. In contrast, germ cell numbers remained unchanged in Bmf −/− ovaries at E17.5 and PN1, with germ cell depletion beginning after PN1. The subsequent rate of depletion appeared to be accelerated, as the numbers of germ cells in ovaries from Bmf −/− females after PN1 were similar to the numbers seen in WT females at PN3, PN5 and PN10. Our stereological data indicate that BMF is dispensable for the elimination of germ cells that occurs between E15.5 and E17.5, and after PN1. Indeed, TUNEL-positive cells were observed in Bmf −/− ovaries at E13.5, E15.5 and E17.7, albeit at reduced frequency compared with WT ovaries. This demonstrates that BMF-independent mechanisms of cell death must operate in the ovary during this developmental stage. This finding may be due to functional overlap between several BH3-only proteins, such as BIM (Labi et al. 2008) . Additionally, functional compensation for BMF by other BH3-only proteins may explain why the overall numbers of primordial follicles ultimately established in the ovary of Bmf −/− mice at PN5 was similar to that in the WT animals, despite early increases in germ cell numbers.
Even though germ cell numbers fell after PN1 in Bmf −/− mice, few TUNEL-positive cells were observed during this time in either WT or Bmf −/− ovaries. The failure to detect large numbers of TUNEL-positive cells, or cells positive for other apoptotic markers, during known periods of oocyte loss is a phenomenon previously reported by us and others (Tingen et al. 2009 , Myers et al. 2014 . It is possible that apoptotic cells are eliminated from the ovary very quickly, such that detection of apoptosis in histological sections at individual time points is challenging. It has been reported that apoptotic elimination of even large numbers of rat liver cells only takes a few hours (Bursch et al. 1990) . In experiments in which ~25% of liver cells are eliminated per day, only 2-3% of the total cell population were found to be morphologically apoptotic at any one point in time (Bursch et al. 1990) . Therefore, it is likely that we are only able to detect a fraction of the apoptotic cells in the ovary and this fraction may be too small to identify any differences in the numbers of TUNEL-positive cells between Bmf −/− and WT ovaries at postnatal ages. Another possibility is that oocytes are eliminated through non-classical mechanisms of cell death (Tingen et al. 2009) . In this regard, it has been suggested that germ cells can be eliminated from mouse ovaries by autophagy (Rodrigues et al. 2009) .
BMF expression was detected in large numbers of germ cells at E15.5, E17.5 and PN1. The presence of BMF in germ cells during periods of germ cell loss supports a direct role for BMF in mediating their death. It is worth noting, however, that BMF can be negatively regulated at the protein level by sequestration to the cell cytoskeleton and release from the cytoskeleton is required for the induction of apoptosis (Puthalakath et al. 2001) . Thus, it is not given that the numbers of BMF expressing germ cells, or even the levels of staining intensity, should precisely correlate with the numbers of germ cells lost during ovarian development as determined by stereology. We also detected BMF protein in somatic cells, most evident at E15.5. Therefore, while BMF is likely to be directly involved in germ cell death, there is a possibility that the increased numbers of germ cells in ovaries from Bmf −/− mice may also involve indirect effects mediated by improved somatic cell survival. Future studies using mice with BMF specifically deleted in germ cell or somatic cell populations would help to establish what proportion of germ cell loss, if any, is mediated indirectly through improved survival of somatic cells.
Collectively, these data suggest that BMF controls germ cell number at two time points during ovarian development: i) during early stages of the meiotic prophase (between E13.5 and E15.5) and ii) coinciding with the initiation of nest break down and meiotic arrest (between E17.5 and PN1), although apoptosis is not required for the nest breakdown process itself (Lei & Spradling 2013) . Although the absence of BMF resulted in elevated germ cell numbers at E15.5 and PN1, the numbers of primordial follicles established in the initial ovarian reserve were unchanged due to accelerated germ cell loss after PN1. These observations are reminiscent of those reported for Bax The meiotic prophase has previously been identified as a period of significant germ cell loss and it has been proposed that oocytes with meiotic errors are eliminated by apoptosis during this time (Borum 1961 , Dietrich & Mulder 1983 , McClellan et al. 2003 , Ene et al. 2013 . This hypothesis is supported by studies showing that in mice lacking proteins required to complete meiotic recombination and DNA repair, such as ATM, DMC1, Trip13 and Msh5, oocytes undergo apoptosis before diplotene arrest (Barlow et al. 1998 , Pittman et al. 1998 , Li & Schimenti 2007 , Ene et al. 2013 . Our studies suggest that BMF is also involved in the elimination of germ cells during the early stages of meiosis; whether or not this involves the elimination of germ cells with meiotic defects is not known.
The suite of physiological reasons underlying the death of germ cells remains unknown. In this study, we have demonstrated a key role for BMF in regulating germ cell apoptosis during both the early and latter stages of the meiotic prophase. Additionally, our findings show that germ cell death before E13.5 and after PN1 both occur independently of BMF. We have previously shown that PUMA mediates germ cell loss before the transition to meiosis, and thus likely has roles during ovarian development that are distinct from BMF (Myers et al. 2014) . It is therefore plausible that different BH3-only proteins are responsible for eliminating germ cells for different reasons (e.g. unwanted or excess cells vs cells with DNA damage) at different times during ovarian development. Although the intrinsic apoptosis pathway is emerging as a central mediator of developmentally regulated germ cell death, much work needs to be done in order to completely understand when, why and how germ cells are eliminated from the ovary. Future analyses of mice lacking two, three or more BH3-only proteins are expected to provide interesting insight.
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